The observability of high altitude aerosol and atmospheric scattering layers by a satellite-mounted optical detector is considered.
Introduction
The particular atmospheric scattering layer calculations to be described in this paper were the result of an attempt to establish the observability of aerosols under various geometrical conditions. These calculations were initiated after Monitor of Ultraviolet Solar Energy (MUSE) observations indicated the presence of anomalous signal enhancements (at approximately 2800 A) in the solar observations made from the Nimbus 4 satellite. At this wavelength, considerable absorption by atmospheric ozone occurs; therefore, if an atmospheric scattering layer is to be a significant source of energy, it must be located above approximately 40 km. Evidence for the existence of aerosol layers at such high altitudes has tended to be inconclusive becouse of the small amplitude of the scattering that such (2) layers would produce. However we suggest that there is now sufficient observational evidence » » » » » / to b e n eve that an aerosol layer in the region of 50 km exists in the atmosphere-atleast on isolated (2 9) occasions and at particular locations. It has been suggested ' that such a layer can affect the measurement of atmospheric ozone concentration profiles by the backscattered ultraviolet (BUY) technique in which nadir satellite observations of backscattered radiance at ultraviolet wavelengths are made ' ' and it was thus concluded that the BUV technique requires that simultaneous determinations of the aerosol extinction function profile be made.
Both the BUV experiment and the MUSE experiment are on the Nimbus 4 satellite. We have therefore investigated the "anomalous" signal enhancements » 3 -that an aerosol layer at 50 km would produce in the MUSE type of observations for which a wide-angle detector was used. The resulting signal enhancements are found to be of small amplitude and this implies that to observe the layer such an instrument must undergo considerable modification. However rather than modify the present instrument it is suggested that a narrow-fieldof-view telescope be used for observing the global distribution of high altitude aerosol layers.
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Analysis
The geometry of the aerosol scattering problem is illustrated in figure 1 . (see the appendix for a list of the symbols used). We assume that the sensitivity and orientation of the detectors is such that the satellite-mounted instrument always views the earth's horizon and is sensitive to radiation within a 45° half-angle cone as in the MUSE instrument. It is further supposed in this analysis that the optical axis of the instrument is located in the plane containing the sun and the local vertical through the satellite. This is the plane in which figure 1 is presented. In the absence of any atmospheric-absorption effects, any scattering from a high-altitude layer (located at height h ) would be 3. difficult to separate from the Rayleigh scattering and albedo from the lower atmosphere. By working at 3000 A, however, the lower atmosphere is effectively shielded by atmospheric ozone, and little energy penetrates below 40 km. The ozone absorption cross-section data used in the calculations is taken from Vigroux Consider the scattering produced by a thin atmospheric layer of forward scatterers which are uniformly distributed over the surface of a sphere of radius R + h . In the absence of absorption, the scattering For computation purposes we can consider a vertical profile of aerosols to consist of a collection of layers, each of 6 km (for example) depth. A similar computational approach is used for treating the molecular scatterers in the atmosphere. Since particular concern in this paper is directed at an aerosol layer at 50 km, let us consider the scattering produced by a single (6 km) layer of aerosols. We consider only single scattering by the aerosols and assume them to be nonabsorbent. The The results for a =7 tend to be sensitive to the size used for the lower cut-off limit. The lower limit of 0.04y was chosen only because it is a value that is often used in stratospheric aerosol calculations.
-7 -be noted that the dependence is weaker than that for molecular scatterers. is centered about the solar-occultation angle. This result is produced in Figure 5 because, for very strong forward scatterers, the effect of atmospheric abserption is relatively constant over the small angle range of interest. The peak intensity is found to be very much larger for the strongest forward scatterers, because a layer with a small vertical optical depth can produce substantial scattering, because the optical depth in the viewing direction is roughly two orders of magnitude larger than in the vertical Figure 6 shows that as the phase function of the scatterers -10 -becomes more sharply peaked the location of the maximum scattered signal, tends to increase and to move closer to the solar occultation angle.
However for a layer at 45 km ozone absorption becomes dominant for X > 0.25 so that the peak scattered signal is in fact determined by X 0 * 0.25. Figure 7 shows the effect of wavelength on enhancement.
This variation is produced by the wavelength dependence of the ozone absorption coefficient. The results are similar to those produced by varying the layer height. For shorter wavelengths (corresponding to more ozone absorption), the maximum of the enhancement moves closer to the day terminator, and the maximum enhancement diminishes. A similar result is obtained by reducing the height of the scattering layer (see Figure 4 ).
Figures 4-7 indicate that if the contribution from a layer of
atmospheric scatterers can be isolated, information about the height of such a layer and its scattering properties may be obtained with a wide angle receiver and filters sensitive to several ultraviolet wavelengths.
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Total Atmospheric Scattering
In the previous section we considered the scattering produced _3 by an isolated layer of aerosols having S = 10 . This optical depth is a i produced by a layer of approximately 6 km width having an extinction roughly equal to that for molecular scatterers at 50 km and at 3000 A.
The observations of the 50 km aerosol layer on the other hand have been made at visible wavelengths and they suggest an extinction comparable with that for molecular scatterers at the wavelengths used and at that height.
Since little information is available on the scattering properties of these aerosols, it is not possible to infer the aerosol extinction at ultraviolet wavelengths,although an extinction of the same order of magnitude as that due to molecular scatterers at 50 km may be regarded as an upper bound for (2) the aerosol extinction. On the other hand, it has been estimated that if aerosols are to affect BUY measurements of ozone, the extinction at o 50 km and 2800 A must be greater than 10% of that, for molecular scatterers.
Clearly molecular scattering may thus adversely affect the detectability of the aerosols of interest since the extinction for molecular scatterers is comparable with that of the aerosols.
To illustrate the observability of this aerosol-layer we have arbitrarily assumed an extinction equal to 1.25 times that for Rayleigh scatterers at 50 km and 3000 A. The aerosol phase function used is the mean of those given by expression (3) with x 0 0.25 and 0.04. As has already been mentioned this phase function model is regarded as an adequate approximation to a = 3 aerosols (which aerosols appear to be typical of the 20 km stratospheric aerosol layer). The contribution from molecular -12 -scattering has been computed using a phase function defined by expression (3) with x =2.0. The various contributions and the total scattered signal at 3000 A and 2800 A are shown in Figures 8 and 9 . It is to be noted that the aerosols produce a considerable enhancement of the scattered energy at satellite locations beyond the day terminator (9 = 90°). At 2800 A, s considerably more of the forward scattered energy (mainly produced by the aerosols) is removed by ozone absorption, as compared to the results for 3000 A.
Figures (8) and (9) further suggest that an aerosol layer at 50 km having an extinction comparable with that for molecular scatterers at 3000 A should be detectable with a wide angle receiver. The figures suggest a detectability limit with such an instrument of order 0.2 that for extinction by molecular scatterers. It is particularly to be noted however that the scattered signal is only 0.1% of the directly incident solar energy. and is therefore incapable of detecting a 50 km aerosol layer with an extinction which is less that or equal to that from molecular scatterers at 50 km and 3000 A. These considerations in fact imply a degree of sophistication if a wide angle detection system is to be used for monitoring such high altitude aerosol layers. Since a coronograph is specifically designed to prevent directly incident solar energy from entering a detector it could form the basis of such a wide angle instrument. We have considered whether the MUSE type of instrument might be modified to detect the 50 km aerosol layer, and for detecting other high altitude aerosol layers. A wide angle instrument possesses the o limitation that it must be operated at approximately 3000 A so that, by virtue of absorption by ozone, the energy scattered by an aerosol layer may be separated from that produced by molecular scatterers in the lower atmosphere. However, it is reasonable to expect that the wavelength dependence of aerosol scattering is weaker, and could in fact be considerably weaker, than that for molecular scatterers. Thus, if the scattering from 50 km, for example, can be isolated, high altitude aerosol layers (including the BUV related layer) would be more easily detected by making measurements at visible wavelengths (e.g., 5000-7000 A). A narrow-field-of-view telescope may be used for this purpose.
A wide angle detection system also permits only one average atmospheric scattering layer to be derived per orbit while a horizon-scanning telescope allows many observations per orbit. A limb-scanning telescope therefore has wider applicability to the detection of high-altitude aerosol layers than a wide-angle MUSE-type instrument. Such a satellite-mounted telescope used to scan the earth's horizon with an altitude resolution of 1 km should yield the extinctions and scattering properties of stratospheric aerosols as a function of both altitude and wavelength '
.An example of a simulated limb scan with such a device in the presence of a 50 km aerosol layer having an extinction equal to that for molecular scatterers at that height and at 3000 A is shown in Figure 10 . At a solar zenith angle of 69° (i.e., a scattering angle of 21°) the layer produces a signal enhancement comparable with the signal resulting from molecular scattering.
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Conclusions
The detectability of an aerosol layer with a wide-angle satellite-mounted detector has been discussed. Information about its height and scattering properties may be obtained by monitoring the energy at several ultraviolet wavelengths as a function of satellite location.
However, the detectability of this layer strongly depends upon its scattering properties about which little is known at the present time. The abscissa refers to the altitude at which the line drawn through the axis of the instrument is closest to the surface of the earth (i.e., tangent height). 
